We have prepared nanocrystalline-Si (nc-Si) with a diameter of 6±2nm using very high frequency plasma decomposition of SiH 4 . For applications of future devices, the electrical measurement of a single dot is necessary.
For that purpose, we propose a vertical silicon probe. We fabricate a vertical silicon probe from SiO 2 (30nm)/n-Si (0.002Ωcm). By electron-beam lithography and electron-cyclotron-resonance reactive-ion-etching (ECR-RIE), holes of SiO 2 with a size of 30nm×30nm are made. Then, nc -Si dots with a density of 10 12 /cm 2 are deposited on a chip. The tapered shape of holes allows one of dots to occupy the bottom opening and prevents the top electrode from contacting directly to the bottom. Finally, a-Si with phosphorous doping is deposited by chemical vapor deposition (CVD), and is crystallized to form poly-Si by solid phase crystallization (SPC), because of the large grain size, resulting in preventing electrons from being trapped at grain boundaries. The good coverage makes it possible to measure a single dot in various environments. . From fitting parameters, we estimate that one 6nm-diameter dot with 1.5nm-thickness SiO 2 is covered by poly-Si at an angle of 15°. This means that there are some dots in a hole, and that the poly-Si partly covers a lowest positioned dot. This results from a good coverage of CVD film and indicates that we can measure one of the randomly deposited dots.
For further investigation, we fabricate the vertical probe with a wrap around gate as Fig.4 (a) . By anisotropic and isotropic etching, holes are made. Then as a gate oxide, TEOS SiO 2 is deposited followed by an etching process. Fig.4 (b) shows a cross sectional SEM image of this chip. Finally nc-Si dots are deposited, and poly-Si crystallized by SPC is deposited. Fig.5 (a) shows the current as a function of bias voltage at various temperatures.
Negligible current flows between -1 to 1V. Fig.5 (b) indicates that the current oscillates periodically with gate voltage. We can explain the results based on Coulomb blockade (CB) effects with a single dot model by taking into account an influence of neighboring dot.
In conclusion, we propose a vertical Si probe, featuring a good coverage of the CVD poly-Si electrode and a tapered shape of SiO 2 holes made by ECR-RIE, which allows the measurement of CB from from nc -Si dots deposited randomly. Moreover, a vertical transistor structuring with a wrap around gate allows observing Coulomb oscillation, which provides a strong support for the single electron tunneling model. 
